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Harlequin ichthyosis (HI) is a severe congenital ich-
thyosis in which massively thickened stratum cor-
neum with abnormal barrier function often results in 
death of affected newborns. Survivors evolve into a 
severe nonbullous ichthyosiform erythroderma. Pre-
viously we have ascertained three biochemical phe-
notypes of HI, based on abnormal profilaggrin and 
K6 and K16 expression in epidermis. Submerged 
cultures of HI keratinocytes differentiated abnor-
mally, but the three phenotypes were indistinguish-
able in vitro. We hypothesized that differentiation in 
submerged culture was insufficient to reflect iu vivo 
biochemical abnormalities or that dermal compo-
nents might be necessary for expression. To test these 
hypotheses HI keratinocytes and fibroblasts (n = 3) 
were grown on collagen gels at the air-medium in-
terface in a cross-over design with normal keratino-
H arlequin ichthyosis (HI) is a severe disorder in which infants are born encased in a shroud of thickened fissured epidermis that li1.11its n1ovement and breathing and produces ectropion, eclabium, and ear dysmorphology. Newborns usually die at 
birth from barrie r dysfunction and breathing difficulties. The use of 
oral retinoids has facilitated survival. Long-term survivors evolve 
into a phenotype of severe nonbullous congenital ichthyosiform 
erythroderma (Lawlor, 1988; Roberts, 1989). We have studied 
epidermis and keratinocytes from a number of affected individuals 
and described three biochemical phenotypes, based on the expres-
sion ofprofilaggrin and the K6/K16 keratin pair (Dale et nl, 1990). 
The biochemical phenotype ofinfants born within the same farnily 
remains the same. Abnorn1al lamellar granules are observed in all three 
phenotypes (Dale et al, 1990; Mili1er et nl, 1992; Akiyama el nl, 1994). 
Submerged cultures of HI kerati.nocytes are morphologically 
abnormal but do not exhibit the bioch emical changes observed in 
extracts of epidermis from which the keratinocytes are cultured 
(Dale et nl, 1990). We hypothesized that either differentiation of the 
submerged HI cultures was not sufficient to express the abnormal-
ities observed in vi11o or that dermal factors might be n ecessary for 
expression of the HI phenotype. In an attempt to address both 
possibilities, HI keratinocytes were grown u1 lifted culture, where 
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cytes and fibroblasts. Epithelia derived from lifted 
cultures were studied by light microscopy and immu-
nocytochemistry and extracted for western blot anal-
ysis. In contrast to our prediction, lifted cultures of 
HI keratinocytes formed a poorly differentiated epi-
thelium, and normal keratinocytes formed an epider-
mal-like tissue with expression of K1 and expression 
and processing of profilaggrin to filaggrin. In ad-
dition, the presence of HI fibroblasts consistently 
altered differentiation of both HI and normal kerati-
nocytes, resulting in less complete morphologic dif-
ferentiation. The findings suggest that both epithelial 
and mesenchymal elements of the skin from HI are 
affected but that the primary abnormality lies in the 
keratinocytes. Key words: epidermal dijfeJ'eutiationlpro-
.filaggriu/keratius. J Invest Dermatol 109:36-38, 1997 
more complete morphologic and biochemical diffe rentiation of 
normal epidermal cells is observed (Asselineau el nl, 1990). An 
additional advantage of the lifted culture system used was the abi li ty 
to seed the collagen gel with control or HI fibroblasts. Thus, a 
cross-over study was undertaken with control and HI keratinocytes 
growing on gels seeded with control or HI fibroblasts . ln this study, 
we show that keratinocytes from HI become less differe ntiated 
when cultured at the air-medium inte rface, under conditions where 
in. vitro differentiation normally improves. 
MATERIALS AND METHODS 
Culture Keratinocytes and fibrob lasts were cultured from biopsy speci-
mens as described (Dale et al, 1990) . Lifted cu ltures were grown by the 
method of Asselineau and Bell (Asselineau and Prunicras, 1984), with either 
Harlequin or nonnal newborn foreskin keratinocytcs seeded on a collagen 
gel implanted with Harlequin or normal adult or foreskin fibroblasts. Lifted 
cultures were maintained in Dulbecco's modified Eagle's medjum with 20')10 
fetal bovine serw11 , 0.4 JLg hydrocortisone per ml, 10 ng epidermal growth 
factor per ml , and 10- 10 M cholera toxin. Keratinocytes were studied 
through the third passage. ConBuent submerged cultures and cultures that 
had been grown at the air-medium interface for 21 d were studied. 
Immunocytochemistry Lifted cultures were fixed in methyl Carney's, 
embedded in paraftin, and sectioned for hematoxylin and eosin staining and 
immunocytochemistry as previously described (Kautsky et a/ , 1995). Pri-
mary antibody was followed by secondary biotinylated anti-mouse lgG, 
amplification with immunoperoxidase (Vectastain ABC kit, Vector Labo-
ratories, Burlingame, CA), and visualization with diaminobcnzidinc as 
chromagen. Monoclonal antibodies AE3, SClO (generous gifts of T.-T. 
Sun, Department of Dermatology, New York University Medical School), 
and AKI-11 were used to identifY neutral-basic keratins, Kl, and profilag-
grin /fi lagg.:in , respectively. 
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Figure 1. Lifted cultures of Harlequin keratinocytes are morpho-
logically poorly differentiated. Hemato>.)'lin and eos in (H&E) staining 
of control (C) and Harlequin ichthyosis (HI) keratinocytes grown in lifted 
culture. Staining for Kl (monoclonal antibody SC10) and profilaggrin / 
f1laggrin (ProFG) (monoclonal antibody AKHl) is shown below the hematox-
ylin and eosin plates. R esults shown are representative of three Hl samples 
comp;u·ed to controls. Similar morphologic results were obtained with adult or 
neonatal nonnal fibroblasts, but western blot analysis has not been done on 
extracts from lattices in which adu lt fibroblasts were used. Scale bar, 50 mf.L. 
Protein Analysis The epithelium was removed from the gel and ex-
tracted in urea-Tris buffer (8 M urea, 50 mM Tris(hydroxymethyl)amin-
omethane, pH 7.6, 100 mM dithiothreitol, 1.3 M 2-mercaptoethanol, 100 
f.Lg aprotinin per ml, 100 f.Lg phenylmethylsulfonyl fluoride per ml), and 
equal protein loading were separated by discontinuous sodium dodecyl sulfate-
polyacryl;unide gel electrophoresis (Laemmli, 1970). Proteins were transferred 
to nitrocellulose (Towbin el a/, 1979) and visualized with avidin-biotin-
peroxidase with 4-chloro-1-naphthol as chromagen (Haydock e/ a/, 1993 ). 
RESULTS 
Morphologic Differentiation of Harlequin Keratinocytes in 
Lifted Culture Is Poor Morphology and immunohistochemis-
try of lifted cu ltures of normal control and HI keratinocytes is 
shown in Fig 1 and summarized in Table I. Differentiation of HI 
kerati.nocytes in lifted cultures was parado11:ically poor compared to 
normal cultures. Control keratinocytes grown in lifted culture 
displayed a well-differentiated epith e lium, with maturation of ke-
ratinocytes from basal layer to stratum cot·neum. Although not 
easily observed .in Fig 1, a discernible granular layer was apparent 
at higher magnification (data not shown) and substantiated by 
immunocytochemistry with anti-profilaggrin antiserum. The stra-
tum corneum was parakeratotic. In contrast Harlequin keratino-
cytes showed poor m aturation, acanthosis, smaller basal cells, 
more-plump larger suprabasal cells, nuclear/perinuclear vacuoliza-
tion, and no granular or com.ified layer. Immunohistochemical 
Table I. Harlequin Keratinocytes Grown in Lifted 
Culture are Morphologically and Biochemically Poorly 
Differentiated" 
Epithelial 
Morphology" ProFgc Fgd Kl" 
HI Poor ::':: 
Control Good ++ ++ + 
11 Observations not previously reported arc summarized. N ote : morphologic dilfcr-
cntiation and expression of markers of difl"crcntiation . Kl, profi laggrin, and fi laggrin. 
were consistently less good in lit1:cd cultures in which Harlequin fibrob lasts w ere 
seeded in the supporting gel. 
b H ematox-ylin and eosin staining. 
' ProFG, profilaggrin . Anti-profllaggrin /filaggrin antibody (AKH I ) staining by 
hnmunocytoclJcmjsrry and western blot analysis. 
tl Fg, fih1ggrin. Processing ofprofi laggrin co filaggrin frot_n westcn1 blot analysis with 
AIG-11. 
' Kl, keratin I. Western blot analysis with antikeratin 1 antibody SC1 0. 
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Figure 2. Lifted cultures of Harlequin keratinocytes are biochem-
ically poorly differentiated. W estern blot analysis of extracts of sub-
merged m1d lifted cultures of control (C) and H arlequin ichthyosis (HI) 
keratinocytcs. (Uppe1) Profllaggrin (ProFG) and filaggrin (FG) are demon-
strated in the blot of a 7.5-15% discontinuous sodium dodecyl suJ f.1te-
polyacrylamide gel developed with monoclonal antibody AKHl. (Loll'el) 
The ncutra.l-basic keratins (Kl , 5, and 6) are demonstrated in the blot of a 
4-15°/., discontinuous sodium dodecyl sulfate-polyacrylanude gel developed 
with monoclonal antibody AE3. Extracts are divided into three four-lane 
sections: submerged keratinocytes cultured on 3T3 cells are shown in the 
four left-hand lanes; lifted keratinocytes cultmed on control or HI fibro-
blasts are shown in laues 5- 8 and 9-12, respectively. First-passage kerati-
nocytes are shown in the first two lanes of each four-lane section, and 
second-passage keratinocytes are shown in the last two lanes of each 
four-lane section .. Extracts are presented from passages 1 and 2 of single cell 
lines of HI and normal newborn foreskin keratinocytes, from passages 3 and 
4 of H I fibrob lasts, and from passages 4 and 5 of nom1al newbon1 foreskin 
fibrob lasts. The data are representative of blots from three different 
experiments using lattices constructed from two passages of three different 
sets of cell lines . The fa.r right-hand lane contains an extract of foreskin 
epidermis (F). Ker, kcratinocytcs; Fib, f1brob lasts. 
staining paralleled morphologic differentiation, with staining for Kl 
in most suprabasal layers and profilaggrin /filaggrin in the upper 
layers of lifted cultures of control kerati.nocytes. Harlequin kerati-
nocytes stained minimally with both antibodies. 
Biochemical Markers of Epidermal Differentiation Are 
Poorly Expressed in Lifted Cultures of Harlequin Keratino-
cytes Structural protein analysis of the cross-over design culture 
study is shown in Fig 2 and summarized in Table I. Profilaggrin 
staining of extracts of submerged cultures was slightly decreased in 
Harlequin compared to control keratinocytes. K1 was observed in 
extracts of control but not affected cells. These findings verify our 
previous observations (Dale et a/, 1990). The differences were more 
striking .in lifted culture. Biochemical differentiation was improved 
in control keratinocytes, with expression of profilaggrin and pro-
cessing to ftlaggrin and easily detec table Kl. In contrast, Harlequin 
keratinocytes e>..-pressed very little unprocessed profi.laggrin and no 
K1. D ifferentiation markers were less well expressed in both 
control and H arlequin keratinocytes cultured o n gels in which 
Harlequin .fibroblasts (as opposed to control fibroblasts) were 
seeded, suggesting that the Harlequin defect may alter both epi-
dermal difFerentiation and sorne aspect of mesenchymal-epithelial 
interaction. In addition, differentiation deteriorated in later passage 
of both HI and control cells. 
DISCUSSION 
In this paper we show that HI keratinocytes grown in lifted culture 
differentiate poorly by morphologic and biochemical ctiteria . This 
is in contrast to control keratinocytes, where lifted cultures form a 
well-diffe rentiated epithelium, ex'Press Kl and profi.laggrin, and 
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process profi laggrin to fi.l aggrin . Differentiation of both controls 
and Hl keratinocytes was adversely afl:ected by HI fibroblasts in the 
supporting gel. 
T he inability to reproduce the HI phenotype i11 lifted cultures 
su gges ts that culture system condition s are not responsible for the 
la ck of differentiation; control cells differentiated well under iden-
tica l conditions. It is unlikely that the Harlequin keratinocytes are 
mere ly "sick cell s" because they grew well in submerged culture 
and manifested no obvious abnormaliti.es by phase-contrast micros-
copy. lt is possible th at an artifact of the cu.ltu re system, such as 
relative lipid deficiency thought to occur in culture media (Bouw-
stra et a/, 1995), is partially responsible for the observations if 
Harlequin and normal cells have different req uirements for lipids . 
A bnormal lamellar gran ules appear to be a unifYing feature of HI 
(Dale eta/, 1990; Milner eta/, 1992). Furthermore, the epidermal 
stratum com eum in HI shows lipid inclusions and the absence of 
lipid lamellae between cell layers. These features suggest an 
abnormality in lipid metabolism. Perhaps the combination of lipid 
defi ciency in culture m edium and th e underlying defect responsible 
for Hl can explain the observations in 11itro. Alternatively, the 
epithelial morphology of the lifted HI cultmes resembles that of 
normal k eratinocytes grown in high concentrations ofretinoic acid 
(Asselineau el a/, 1989; Kautsky et al, 1995) . T his suggests a possible 
abnormality of retinoic acid metabolism or response ir1 Hl. Both 
hypotheses might be tested by mod,ulating the concentra tion of 
lipids and retinoids in the lifted culture system. 
A third hypothesis to explain the observations is that a systemic 
disorder is responsible for Hl. For example , we have suggested a 
possible protein phosphatase 2A defe ct in HI (Dale and Kam, 
1993); such a defect could have systemic consequences. The few 
affected survivors evolve into the phenotype of severe non bullous 
congenital ichthyosiform erythroderma. T hey, however, also m an-
ifest other systemic disorders (Saunders et al , 1992; P. Sten1itz and 
I. Leigh, persona l communication). A possible means of tes ting tlus 
hypothesis is to transplant th e lifted cu.ltures onto nude mice, where 
a systemic £1ctor may be overridden in the circulation of the 
recipient. One, however, migh t predict that because the disorder 
produces defects in both HT keratinocytes and fibroblasts, grafting 
li fted cultures onto nude mi ce might result in recovery of the HI 
phen otype. T he recen t descrip tion of a mouse model for HI may 
al so help to explain the defect by demonstrating the mutation 
responsibl e for the abnormality in the mouse (Sundberg et al, 1996) . 
Studies of cultured pathologic keratinocytes from other inherited 
d isorders of epidermal differentiation have been useful in efl:orts to 
unders tand and inves tigate the underlyn1g defect. Keratinocytes 
from subjects with X chromosome-linked recessive ichthyosis 
(Kub i.lus et a/, 1979), Hailey-Hailey and Darier's disease (lshi~ashi 
and Kukita , 1983) , C hanarin syndrome, 1 ichthyosis vulgaris (Fleck-
man eta/, 1985; Nirunsuksiri et al , 1995), xemderma pigmentosum 
(Kondo et a/, 1987), th e simplex (Kitajima et al , 1989) and 
junctional (Chapman et al, 1990; T homas et al, 1990) forms of 
epidermolysis bullosa, and lamellar ichthyosis (Huber ct al , 1995a) 
have maintained the phenotype of the disorder to some extent and 
yielded useful information. Keratinocytes from subjects with non-
bullous congenita l ichthyosiform erythroderm a did not reflect the 
morpho logy of the disorder until they were grafted onto nude mice 
(Haftek eta/, 1989) but are nonetheless helpful for screening for the 
transglutaminase mutations (Huber ct a/, 1995 b) . 
T he results suggest that (i) HI keratiJ1ocytes have impaired differ-
entiation potential under nonnal culture conditions, (ii) HI fibroblasts 
have a mild n1.hibitory effect on keratinocyte differentiation, and (iii) 
the HI keratinocyte response may be due to impaired lipid metaboli.sm 
(and/or retinoic acid metabolism) . T hese studies do not address the 
possibility of a defective protein phosphatase activity that may have 
secondary effects on lipid metabolism (Dale and Kam, 1993) . Never-
theless, the consistent incomplete keratinocyte di1ferentiation observed 
in lifted cultures of H arlequli1 ichthyosis does provide a useful model 
1 Williams ML, Drown BE, Hiucenbergs MC, Law MY, Elias PM: Clin 
Res 32:482, 1984 (abstr) . 
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that can be used for evaluating the abnormality and may offer cl ues to 
the pathogenesis of tlus lite - threate1ung disorder. 
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